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Measuroments of elongation of rubber vulcanizates at s fized strezz heve heen made
with & precision mwuch greater than can be obtained in the ysual measyrements of stress at a
specified olongation.  Such meaavrements form the basie of 8 strain teat developed to charas-
terize rubber vulcanizates in control snd researoh festing., Statistiosl snalyses show that
the errora tniroducad In the actual atraln mesasuremanta ara negligible comparsi to those
introduced by variationz during compounding and curing, whereas the errom introdueed by
the usial mesaurements of stress at & specified elongstion are of tha same order of magnitpde,
The high precision of strain testing hes been used to detect veriations within a gingle sheet of
vulcanized rubber and varlations among sheets evred from the spme compounded batch.
It hea slzo been posrible to determine with a single sheet ita chenge in gtifness or moduius
with age, The uniform treatmaent of spocitmena in the strain test nskes them particularly
ugeful for precise measurements of set.  Further, it hes been found thet the desreasa in
elongation with time of cure apparently follows the lawa of & second-order chemical reaotion,
and eonsequently it i2 possible to represent the data by an equation involving thrae voleani-

gation pArameters,

I. Introduction

The inherent variability of mensurcments for
detertnining the stress-atrain properties of yulean-
ized rubber is notorious. It has bean custorpary
to ascribe the cavze of the variability entirely to
the rubber. This allegation may he largely true
in the case of stress and elongation at feilure, but
megsurements by meane of the strain test definitely
show that the measurements are responsible for a
large portion of the observed variations of points
on the strass-strain curve below failure.

Since the ndvent of the Government Synthetic
Rubber Program in 1943, there has been an in-
tenaified effort to improve the precision of stress-
strain testing. Measurements of the stress-tem-
perature relationships for pure gum vulcanizates
of GR-5 and natural rubber by Roth and Wood
11, 2] ® Bupgesated that the precision and accuracy
of stress-steain mepsurements might be greatly
improved by messuring the elongations of rubber
specimens suspending predetermined loads. Strain
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teats made In late 1944 on vulcanizates of X125
GRS and in 1945 on vuleanizates of natural
rubber at the Instituto Agronomico do Norte in
Belem, Brazil [3] confirmed this suggestion. In
the development. of this test, strain measurements
for the evaluation of vulcanized rubber hava been
found to vield imformation that has not been
revealed by the usual stress-strzin measurements.

1. Procedure _

In the atrain test, 8 predetcrmined load is ap-
plied to a specimen and the elongation is measured
after the load has been applied for & specified tme,
The load is selected to produce a specified force
per unit of cross-sectional aree of the unstretched
specimen.

The early tests wore performed with extremely
simple equipment that required manual applica-
tion of the load to a standard dumbbell-shaped
specimen having a reduced section 2 in. long.
Most of the data reported here, however, were
obtgined by means of a tester developed by Hols,
Knox, and RHoth [4]. Thiz tester 15 designed to
minimize the number of manual operations wnd
thereby to reduce the numbet of subjective errors,
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Theese authors also deseribe the proparation of the
test specimens and the measurement of their thick-
ness, in addition to the measurement of strain at
the specified stress, Strip specimens approxi-
mately 4 in. wide and 6 in. long are used, since
specimens with enlarged ends are not required for
this test, These specimens can be cut from the
gtandard & by 6 by 0.075-in. test sheet and permit
the distence between banch marks to be increasad
to improve pracision. The hench msarks arcc
gpaced 10 cm. apart, 20 that elongations can be
read directly by means of a millimeter acale.

In early experiments, a stress of 1,000 psi
. (pounds per square inch} was used for vuleanized
specitmens of GE-5 and GR-I prepared sccording
to the Specifications for Government Synthetic
Rubbers [5]. In the course of development of
the method, the stress has been reduced in severai
eteps to 400 psi which is cmployed at present for
vuleanized tread-type compounds. The stress of
400 psi was selected becwuse it is in the region
where the ratio of clonzation to siress zttains a
maximum value. A siress of 100 psai has been
selected for gum vulcanizates of natural and other
rubbers in order to avoid effects of eryetellization.
The stress of 100 psi can slso be used for studying
gum vulcanizaics of GE—S.

For control testing and many research purposes,
streszes of 100 to 400 pe are sufficient,  Accord-
ingly, the tester developed by Holt, Knox, and
Roth [4], 18 provided with weighta for applying &
atress of 100, 200, or 400 psi.  Stresses lower than
100 pai can be used, provided the elongatien is
ahove 50 percent. Minor medifications in the
apparatus or proccdure are necessary in order to
measupe precisely lower elongations. Stresses
higher than 400 psi are obiained hy. suitable ad-
justment of the weights and are limited only by
the strength of the specimen or the limiting exten-
sion of the specimen by the tester.

When the load is applied, the specimen elongates
mapidly at first and then more zlowly as time
elapses. The precision of measurement incresser
85 the rate of ereep decreases, thus observations
can be made with greater precision ag the time
after application of the load increases. 1t is neces-
sary, bowever, in a control test to keep the time
for making a test at a minimum compatible with
the requisite precision. ’

Measurements have been made at various inter-
vals between 10 sec and 10 min after application
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of the load. These medsurements indicated that
the elongation of the specimen incresses approxi-
mately linearly with the logarithm of time. For
example, in figure 1, the increase in elongation
after the 10-zec reading ie plotted against the logar-
ithm of time. The test specimens were prepared
from GR-3 according to the Specifications for
Government Synthetic Rubbers [5].  Vulcanizates
cured 25 and 90 min at 292° F were employed.
Specimens cured 25 min were teated with loads of
both 100 and 408 psi to determine the effect of
load. The specimens cured 90 min were tested
only with & load of 404 pai.

As can be seen in the figure 1, the rate of creep
is approximately the same for the two loads,
whereas the rate of creap for specimens cured 90
min i8 approximately one-third of that for those
curad 25 min, None of the natural or other
synthetic rubber vulcanizates investigated, in-
cluding seme without fillers, had a greater rate
of ereep than the GR-3 carbon-black compound

L
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Ficorg 1. Creep of GR-5 rpecimens ander lensile siress.

The cyery |3 shows gy boe diftecetes betwoen the alongation at any sparified
time and that &t 1 sowuly after applEstion ol tha trees. The tlme s
13 logarithmie,

cured 25 min at 292° F. In those cases where
ceystallization occourred, the rate of cresp was a
meximum 8t intermediate loada. This phenoma-
non 15 in aecordance with the obsarvations for un-
vuleanized natural rubber by Treloar [§] and for
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vilcanized natural tubber by Field [7] and Ly
Wildschut [B].

From these studies, a time interval of 60 sec
aras seiected for meking subseqient measurements,
since observations mada between 56 and 64 sec ars
lees in error due to creep than to errors in determin-
ing cross-sectional area of the specimen. With
the automatic timing of the tester designed by
Holt, Knox, and Roth [4], it is posszible to retain
the same precision with shorter time intervala by
redncing the period permitted for observation by
a proportionste amount; thet is, messurements
mada between 28 and 32 sec are a3 precise aa those
made between 56 and 64 sec. The absoluie value
of the elongation, however, will be Jower at 30 sec
than &t 60 sec, as indicated in figura 1.

III. Precision of Test

The high precision of the strain test is achicved
largely by measurement of the elongation under
nearly static conditions, instead of taking ohserva-
tions as the specimen is being extended. This

precision cgn be seen in table 1, which gives the

standard devigtions among speciinens from the
game Bheet of vuleanized rubber. The wvalues
represent dats obtained during the evaluation of
reference lots of Government Synthetic Rubbers,
With the exception of the values for X-125 GRS,
which were obfained with 2-in. dumbbell specimens
and manually applied loads, the standard devia-
tionz arc ezzentlally identical for all rubbers tested
during the past 3 years and are comparatively
small. Becnuse these values are 1o units of elonga-
tion, they eannot be compared directly with those
for tensile atress. A comparison cen be made,
however, by converting one into the units of the
other. In table 2 the standard deviations for
strain are converted intc aguivalent stress values
aid compared with thase for tensile stress as
followa: '

1. Sin sheets frotn the same compounded batch
of X243 GR-5 were cured for each of the times
indicated; 3 sheets of each cure were used for

measurements of tensile stress and three for those

of strain.

2. The tensile stress at 300-percent elongation
was measured on 68 epecimens from each of the 3
sheets; the elongation was measured on 18 speci-
mens from each sheet, 6 at o stress approximately
equivalent to the average tensile stress at 300-

Strain Test for Aubber

TanLe 1. Frecision of strein mearurenienis
Btandard devistions of
. Nim- Hirmige lor  Apecinocna
Type of Dt of [ ber i | g | within & sheet
rubiber teals mrpets
tested

Hmin * | B min % | 9 min b

! P | Pereet | Prreewt | Peieent
QR-8 X-125+_ .| Dea 1ol 2 [Lom| T8 3.9 43
X-ET9. .| Foh, 14 pvd 1,0 +B L 14
K-, | Talr 10 o 1,000 4§ i Ly
X-Ed .| Jaly 18 * [RLL] a4 4l 1.0
X-FM | July 1143 o (WL 24 2.1 1.9
E-243. | Thec, 1tM5 | 20 1, NN 53 L7 1.3
E-r .| Apr.liMa | 12 75| LS 5.1 L¥
M-y | Aproie | 12 70| za 3.2 1.2
Neaw U lanomT | on oo} [ 30 1.1 oy
X-MB_ .| Jau. 14T | 21 L (N 1.5 B
X-ME_ .| July 1647 | 20 LY 232 L4
X-1AT. .| July 1947 H X 3 b =0 Ld
=T, | Dreond? [} o] 32 13 L3
X-d418__ | Dwee 17 - i N 21 1.3
X—-41%. .| Dwam 1M7 it} L't} LY L% LE
X-41%._ .| Feb red 3 Ay N 1.2 0,7

Hmin 4 |10min 4 | B0 min 4
GR-1 Y-100._ .| Ape.1M5 | 20 [ 1,000 | 3.3 23
Y2, .| Jam 1M7 | B e | 17 3 1.3
Y-1a.. | Jaw 1MT | 18 a0 LA 1B

10 tialn * | b ek ¥ | S w4
GR-M {105s)_| July 148 [ 0 RS N X

# Uapd 2Zdm. duna bwellghaped specimens and applied load manoaily.
b Tl of uure wi 382° B

¢ Oy 10 Koin gt 2500 B

+ Time af cire st 307 F.

percent elongation, & at a stress 50 psi lower, and
6 ut & atress 50 pai higher. The mean values for
each of these properties are shown in the first 4
lines of table 2.

2 The atandard deviations smong specimens
were caleulated for tensile stress and for strain
messurements and ars piven in lines 5 and 6 of
table 2. The change in elongation produced by
a change in stress of 1 psi were caleulated from the
strain measurements in lines 2 to 4 and sre shown
in line 7. The values of the standard deviations
in Jine 6 were divided hy the corresponding values
in line 7 to obtain the cquivalent standard devia-
tigne in units of strees showm in line 8.

4. The ratios of the values in line 5 to those in
line 8, given in the last line, indicate that the
standard deviations for tensile stress mensure-
ments at 300-percent elongation are ppproximately
2% times as larze as the eguivalent values for
strain measurements.

Anocther comparison of the precision of measure-
ments made by these two methods of test ie
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Tapve 2. Comparison of precision of aivats tosf woith precision of usuel tenmile sireas test

Compaunda of X-43 GR-3 sulewnlzed
Line Trik Bintlatlo Bminatd"F - Nomin sl 22" F By il w233 F
Sires Birain Beresa St Hiress Berain
el Peroent i Frroewt pal Parernt
1 T Mean. ..o, 07 M) 1,069 T ¢ 1M 300
2 Btraln. . ] L 350 o0, 9 1,060 dM-T 1,0 301
- I I Al R Ao T28.9 1,1m ik, 2 1,0 J48.2
[ S PR do PR | | T, #a 356 3 1,160 | LN 1, 80 FL N
3 Bireg ., e L+ M L |17 I . W b .1
[ =11 0T I [ I Y [ i3 | . i 25 L
T | e MEAEY ] e LA | oeao.s o | - o0, 187
B ... a0 | Bt DT . - S T, L O, Wy | e
T Retlnd.________ AT A 1.8 [ moo | o

= Btandard deviation of specimets withit & ek

b Tha ghange o slobgation ke & change ip seoss of 1 pal (ioe f minus e 250m,
+ Brandard deviabion of straln messcrements exproeied 18 egiivakent siress unlta, which 15 caleubted by dividing Lbe sirain standacd deviation by

AETAS, ling 6fline 7.

4 Bstio of standerd devistion for tensile atraas fo that for slomin both expressed fn pal, lina 51ine B,

possible by suhjecting the data obtained on refer-
ence lots of synthetic rubbers to an analvais of

Tanwe &  Vardances of slrems and siratn medduremenis *

Varrey
' Cured &t o
Type ol GR-3 | Mg F A n c D
ot = -
Baleh Epeai- Cuol.
micans ¥ | menae | S0P s
STREBE AT U PERCENT ELONGATION
i miA o pal 2 Bt Pereert
-} e 1,3m il &
X-38. ... o B L, 287 =58 3l
Bl - | L, 3 Foi M
a5 18 e L] 4
- 1] s a1 184 =
b1 1,847 1, 120 T 12
BTRAIN AT ool PRI
Frrenl 1| Perreal 3] Pereead 1| Perceal
o] N o .50 23
- 1} M6 214 .53 LB
Ll 1B D. 85 i B 5.2
= 58. 0 2.BA LT a2
X-280_ ... 21} 5% . o2 42
] N ] LT _15 1.7

& Amhlysls of varbBancen ir treated In such booke as Satidbcal medhods ig
repcarch oRd productien, by 0. L. Davies, pobllsbed by Cliver and Boyd, -
London (1947} tor Impertal Chemlm) Indoactrles, Lid., or Siarisfieat waehods,
by Gecrge W. Boadeccr, Inws State Colleps FPress (198

& Variances apply to 27 batches of X—36 O R-B and 11 alches of X-290
GR-8.

= YVarianoes ATty to 5 apeecimmend ol o Abheet from each bakeh, [ o, 8 total
of 105 specimens of X-34d and 55 specioesd of -2 3R-8,

20

varianee. Such an analysis for X-289 and X346
GR-S i3 given in table 3, Column A lists for
ench property the veriances {squarea of standard

" deviations) among batch means, and column B

list= tha variances among specimons from the same
batch. 'The walues in column A may be resolved
into two components, one due to variations from
batch to hatch and the other to variations among
apecimens from the same batch,  Since five speci-
meng [rom sach bateh were tested, the contribu-
tions from warigtion® among specimens te the
variances ln golumn A are one-fifth of the vari-
ances in column B end are listed in column C.
Column [F expresses this contribution as a per-
centage of the observed veriance among the baich
means. In the casc of clongation i 600 psi,
testing variations account for approximately 3.4
percent of the observed batch-to-batch variations,
which is about one-tenth the corresponding per-
centage for stress at 300-percent elongation.
Similar results have been obtained in the evalua-
tion of Y-102 and Y-103 GR-1. Other labora-
tories [9,10], bave noted comparable improvements
in precizgion of testing by means of the strain teat.

IV. Applications of Strain Test

The high precision of the strain test has made it
possible to obtain a reliable evaluation of vulecan-
ized rubber sgmples by meane of relatively few
measurements. For ezample, it has been possil:le
to determine with little effort the variations intro-
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duced during compounding and curing, the hetero-
geneity of 4 single sheet of rubber, and the change
in stress-strain properties during storage of vul-
canized rubber,

In table 3 the larga variance among bhatch means
compared bo the variance among specimens for the
strain dats indicates that there was considerahle
variability in the compounding and curing opera-
tions. Similar data are shown in table £, where
values for individuzl specimens from five batches

TaBLE 4, Typical dole for sirosn and sed of iedisidual
FPeCIIEENE
Biraln st 600 psi Eat b
Date, 1646 L] 1] 265 L] L]
oot | pin e | min s | min e [ wi s | mine
Per- | Per- | Per- | Per- | Pers
. Feauent cattt | eand | eamd | ocend | genr
1430 b L) 190 1k +5 o
0 o 1m0 1k 5 in
anz | w2z | 12 | WA | 45 | 22
Opt. T ... 1 66 | M6 | 1w | WK | 4.3 | 20
57 | 36 | W | WG | 4.5 | BB
Avg.asa | s | o | e | 4% | 31
k
aer | 256 | e | s | 48 ] 32
aan | osed ) o | A | 4w | 24
FLT| F1.58 17 mwr 4.8 +3
Ot B __ .. .. L] 255 l 190 1.7 i LN &3
a5 Hlir) [I-1] m? L] N
AVE. BT | 28 | M | Y | 48 | 2%
# | ME | w8 | 1+ | 5D | 2D
40 | 250 | 1 | 134 | 50 | Ab
0t | 250 | 14 | w\@a | &9 | ap
Thol, Mo, ... 1 483 L [L:] 1.8 418 3.5
amy | s | g | e | 50| 38
Avg M 240 15 1a.n 50 53
d6 | 24 | 1 | 120 | 44 | 3B
af | 2 | 10 | 128 | 44 | 3B
435 | 3 | 10 | 23 | L3 | L6
(11, R HE | Mz | W0 | 128 | 43 | BT
8 | w0 | 180 | 1ZE | 43 | 38
AvE. 48 | w2 | 1o | 123 | &3 | AT
A5G e 193 1+ 5 A EA )
484 na i 1% 4 [ 4] A b
444 b L 190 1% 2 G0 36
Ok, 3. ... “® e 185 13 8 BB | a4
T T 186 jER 4. b a5
Avg 4% | 0 | 10 | 144 | 5D | a8

= Time of cure at 22 F. X-280 A R—E vulanlzalet prepamd acoordiog to
the Bpecifieations for Oovernment Eynibetie Ribberd, e@oslive Jan. 1, 19048,

b Bet meamaremanty made 1 hr after Sbraln meagoretients oo same specd-
mend.
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prepared on different days are given, The agree-
ment nmong the spacimens from a single sheet from
exch bateh is excellant, but the batch averages
vary considerably. In order to determine whether
this variation 1z related to the compounding or
curing procedure, 6 sheets from the same batch
were vulcanized simultaneously. The sverage
value for sach of the 6 sheets is piven in table 5.
The wariation among sheeis cured from the ssma
batsh is epnsidergbly more than expected from
spacimen variations and is an appreciable fraction
of the varintion nmong batches noted in table 4.
From an analysis of veriance made on dats, not
reported here, for approximately 100 pairs of
gheeta of X412 and X418 GR-5 vulcanizates,
it was inferred that the true vamance among
batshes iz approximately tao times the true var-
innce smong sheets within a hatch.

Tavie 5. Strain and sel dalo for shoels within o baick of
X-283 (OR-5 wulconizaten

Btrain at B pEi |' ot b
Hheeet — —
=5 min = .'Ilminllmmin- ﬁmln-lmmjnlﬁﬂmin*-
Fereent | Fercent | Pereand | Parcent | Farcent | Peroemd
| . 471 5. B 18 3 12. 15 4, b0 33
[ B4 2557 1WA T O |11L 85 ™ & 18
Foo 48 =502 e | eld A8 [N | a.1F
o (1" 5] b= 185 |11409 il A3
- A5 Xl 9 s =raig LR 4,38
L T I | ] b B 1.9 1248 | .- L
AVT. ... Bl M. b 14 1% 15 LR 7) !I 3.5

"+ Time of cure at B2° F.

hﬂ_atmmnummmdnlhr a.!taramlnmmummm.un!im
SDECIMIAGE,

= hiean for & epeciovens, cther vahies are means for 20 spealmens,

In eddition to itz use for deteciing compounding
and coring variables, the strain test is sufficiently
sensitive to detect variations within a singls
sheet of vuleanized rubber. The narrow specimen
uged in this teet males it possible to cut 20
apecitniens from & sheet & in. agquare. The
variations among 20 such specimens are seeq it
figure 2. This figure shows the individual strain
values for the sheets vuleanized 25 and 90 min,
respectively, and summarized in table 5, The
elongation of oach specimen 5 plotted in the
order of ita poeition in the sheet, The trends
in values noted across moat sheets are believed
to be due to grain effects cavsed by flow during
tha early part of vuleanization, This conclusion
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i supported hy the studies of Gurney and
Gough [11].

Since 20 specimens can be cut from a single
sheet, it 18 possible to study the change in siress-
strain properties of wulcamized rubber during
storage. Figure 2 shows the averape change in
five sheetsa of each of three (GR-8 vulcanizates
during the first & days of storage at 82° F. Thesc
dats show the marked stiffenimg of undercured
rubher during the first 24 hr after vulcanization
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and support the minimum aging period of 24 hr
between vuleanization and testing required by
ASTM Method D15-41 and of 18 hr by the
Specifications for Government Synthetic Rubbera.
It should be emphasized that the strain text
made it possible to obtain these results from only
one bateh for each cure.

V. Method for Measuring Set

Specimens subjected to the strain teat can be
conveniently used for precise messurement of
extension eet for a specified stress, since the
specimena are subjected t¢ a uniform  stress
for & uniferm period of time. Buch measure-
menta of set after the specimens have bean allowed
to recover for 1 hr are prescnted in table £. As
geen in this takle, the dispersion of values for
specimens from the same sheot is romarkably small,
a0 that it iz essy to detect variations smong
gheets or bateches. The reeulta of set measure-
ments shown in table 5 indicate thet there is an
appreciable variaiion in set smong sheets from
tha samc batch, although not as largs aa that
among batches shown in tebls 4.

VI. Deternination of Vulcanization
Parameters

In the usual messurements of tensile siress
(“rmodulus™} of rubbers vuleanized for different
periods of time, considerable ambigaity arises in
differentiating between cure characteriztics and
the inherent stiffness of the rubber compound.
An examination of strain date plotted as a func-
tion of time of cure, as in figure 4, indicates that
the gorve is g rectangular hyperbols of the form
{t—a) {(E—by=c, where E 13 the elongation at
time of oure, . On differentiation, this equation
becomes: —dE/df = (E—b)/¢. This equation sug-
gesta that elongeation at o fixed stress decrenses
with time of ¢ure aceording to the laws of a second-
order reaction, in which the reaction rate constant
k) 1= 1/{". The paramcter b iz independent of the
time of cure and corresponds to the elongation
{E.) for infinite cure time. The parametar 7 is
the constant of integration and corresponds to the
time {f,} at which the elongation begins to de-
crease. Thia time may he considered ss the point
of incipient cure or scorch time. Thus, strain
data may bae uselul for determining thres param- .
cters of wvuleunizetion; (1) =scorch titne, f#, (2)
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reaction rate constant, &, and (3) a structure fac-
tor, K=, which may ke associated with the in-
herent stiffness of the rubber compound. This
stifiness may be due to the structure of the poly-
mer or the nature and concentration of the com-
pounding ingredients. As seen in fipure 4, E,,
iz a function of the applied stress; whereas &, is
independent of it.  The reaction rate constant, ¥,
iz also a function of the applied stress that must
be considered in comparing compounds with dif-
ferent stress-strain characteristics.

ELDNGATH, £, M MERCENT

o

CLMEA TIVE, 1, W il TS

~ Fiaurg 4. Flongatipns for variows siressed rersns time of
rulcanizalion of X-387 GH-5 at 202°F,

The antld bined are by perbalps cabmlated foom the equation, (t=&h (i = Fa'k
=], with the Rllowing vl for the parameters:

Stress t A ]
fpin? min % Craste ¥ Tt
bl n i} L OHES
M 11 T4 - DAz
400 1 07 - honaze
{40 11 L E] - (M)
00 11 148 AN

Thiy relationship has bean found to apply to
vulecanized GR-3, GR-M, and natural mibber
compounds. In the case of rubbers that eryatallize
on gtretching, however, 4 deecreases and may
become negative as crystallization increases.
Accordingly, if 4 is to be regarded ag a scorch

Strain Test for Rubber

time, the stress should be sufliciently low to avoid
cryatallization. Reversion is another phenomenon
that affects the vulcanization perameters. When
reversion occurs, £ reaches a minimum and then
increases instead of approaching an asymptote
8s the curc time increases indefinitely. Further,
the parameters are extremely sensitive to the
observed variations between shests noted in
table 5. It 15, therefore, cszential to use the aver-
aga value from several sheetz in order to obtain
telialde walues for the parameters. Employing
the average values obiained in the cvaluation of
X280, X-346, and X-387 GR-S, the constants
given in teble 6 were calewlated for the vulcaniza-
tion parameters, &, &, and K.,

TaslE 8. TVulegnizofion porgmelere derived from siroin
dafg
[
it Ia
Typeof GR-3 | Dats testsd ngfﬂ RD?&‘:“MT t%::ﬁl:{iat&
Ed [ala PG Peredal
K-8 .. ... Oot. 14A._.| 130 (L (N 138
XM ... Ipoo it | 1ma N 138
KM .| Tab, MWT___. hLLE) o INMECRA 138
E-8. ... July 1HT__.. 1.0 LT 190
X e .. July W7 1.0 o MR 14
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